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OntogenyThe Caesalpinioideae are widely variable in their ﬂoral ontogeny, and among caesalpinioids, members of the
polyphyletic tribe Cassieae are particularly diverse. Within the Cassieae, the monophyletic Dialiinae clade is
also marked by a high degree of organ loss, particularly in the largest genus, Dialium. The purpose of this work
is to explore the ontogeny of several previously undocumented species of the diverse Dialiinae clade, with the
goal of building a more complete picture of ﬂoral development and evolution in this group and especially within
Dialium. We have documented the ﬂoral ontogeny of six species of the Dialiinae; four from Dialium, as well as
Poeppigia procera andMendoravia dumaziana. Mode and timing of organ initiation were mostly consistent across
the Dialium species studied. With the exception of Dialium dinklagei, which undergoes helical calyx initiation,
all ﬂowers initiated sepals bidirectionally. In the instances of both gains and losses of ﬂoral organs in Dialium,
one trend is apparent — an absence of abaxial organs. Gains in both sepals and stamens occur in the adaxial
median position, while stamens and petals which are lost are always the ventral-most organs. Organ initiation
in Poeppigia and Mendoravia is unlike that seen in Dialium. Poeppigia shows a ventral to dorsal unidirectional
sepal initiation, while both Poeppigia and Mendoravia display near-synchronous initiation of the corolla
and staminal whorls. The taxa examined here exemplify the apparent lack of developmental canalisation
seen in caesalpinioid legumes. This ontogenetic plasticity is reﬂective of the morphological diversity shown by
ﬂowers across the subfamily, representing what has been described as an “experimental” phase in legume ﬂoral
evolution.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Subfamily Caesalpinioideae, a basal grade of the legume family from
which the other two subfamilies, Mimosoideae and Papilionoideae, are
derived (Wojciechowski et al., 2004; LPWG, 2013), represents a diverse
assembly of ﬂoral forms, ranging from large, showy ﬂowers to tiny,
highly reduced ones bearing little resemblance to the popular image
of a legume ﬂower (Polhill et al., 1981; Lewis et al., 2005). The varied
shapes, sizes, and symmetries found in this group are the products of
differing developmental pathways (Takhtajan, 1972). Convergent ma-
ture morphologies may be arrived at via dissimilar ontogenies, as in
the case of the papilionaceous ﬂowers found in Cercis (Tucker, 2002),
while seemingly drastic differencesmay arise at the end of an otherwise
identical ontogeny, as in the late developing asymmetry of Lathyrus
latifolius compared to congenerics (Prenner, 2003). As a source of addi-
tional information on putative homologies and evolutionary processes,
the study of ﬂoral development is a useful tool in helping to elucidate
phylogenetic relationships among plants (Tucker et al., 1993; Buzgo
et al., 2004).).
y Elsevier B.V. All rights reserved.Unlike the Papilionoideae, which display a relatively high degree of
consistency in their ﬂoral development, the Caesalpinioideae arewidely
variable in their ontogeny (Tucker, 2003). Among caesalpinioids, mem-
bers of the polyphyletic tribe Cassieae (Bruneau et al., 2008) are par-
ticularly diverse, displaying numerous modes and combinations of
organogenesis amongwhorls, and frequent suppression or loss of ﬂoral
organs (Tucker, 2003). Within the Cassieae, the monophyletic Dialiinae
clade consists of circa 90 tree and shrub species, distributed pan-
tropically (Irwin and Barneby, 1981; Lewis et al., 2005). The clade
is united by the presence of cymose inﬂorescences and the absence of
vestured pits in the xylem (Herendeen et al., 2003). It is also marked
by a high degree of organ loss, particularly in the largest genus, Dialium,
and ﬂoral symmetries which include polysymmetry, bilateral symme-
try, and asymmetry. Despite their varied mature morphologies, very
few of these ﬂowers have ever been studied developmentally, a task
whichmay help to clarify their yet unresolved phylogeny and aid in un-
derstanding ﬂoral evolution in the clade. To our knowledge, the only
published research on the ﬂoral ontogeny of the Dialiinae was complet-
ed by Tucker (1998), who examined detailed developmental series of
three species; Dialium guineense, Labichea lanceolata, and Petalostylis
labicheoides, with partial observations of a fourth, Dialium guianense.
She found that the four species shared among them several aspects of
Fig. 1.Drawings andﬂoral diagramofDialium pentandrum. a. Floral diagram and formula. b. Flower budprior to anthesis. c. Compound leaf. d. Section of inﬂorescence showing cymose units.
e. Detail of style and stigma. f. Post-anthesis ﬂower; single petal has dehisced. Vouchers: b, d–f, Troupin 4712 (MO); c, Hart 1366 (MO).
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of the ﬁrst sepal. More pronounced, however, were the numerous dif-
ferences, such as varied modes of sepal, petal, and stamen initiation;
organ suppression versus loss; and bilateral symmetry versus asymme-
try. The only intrageneric comparisons which could be made were be-
tween the two Dialium species, one of which was not fully presented,
so it is yet unknown whether the variability seen among genera is also
present at lower taxonomic levels.
The purpose of this work is to explore the ontogeny of several previ-
ously undocumented species of the diverse Dialiinae clade, with the
goal of building amore complete picture of ﬂoral development and evo-
lution in this group and within its largest genus, Dialium. Do these very
differentmature forms have any common elements in their ontogenies,
or are they as variable as the ﬂowers they produce?The taxa examined here represent both basal and highly derived
members of the Dialiinae clade. We have documented the ﬂoral ontog-
eny of six species of theDialiinae; four fromDialium, aswell as Poeppigia
procera and Mendoravia dumaziana, which have been found in recent
phylogenies (Bruneau et al., 2001, 2008; Herendeen et al., 2003) to oc-
cupy basal positions in the clade. Dialium dinklagei, Dialium orientale
(both from Africa), and D. guianense, from South America, represent
the typical morphology of the genus: a pentamerous calyx, absent co-
rolla, two stamens, and a unicarpellate gynoecium set atop a broad,
ﬂat receptacle. Dialium pentandrum, another African taxon, is one of a
small number of Dialium species with an androecium of ﬁve or more
stamens. It differs from the three species above in both its ﬁve-part
androecium and the presence of a single petal. P. procera, which has
been found in molecular phylogenetic analyses to be sister to the rest
Fig. 2. SEM micrographs of Dialium pentandrum. a. Adaxial view of developing ﬂower (sepals removed) with two lateral ﬂowers initiated toward the adaxial side of the central ﬂower.
Arrow indicates single petal. Numbers indicate order of bracteole initiation. b. Frontal view of (a), showing bidirectional development of antesepalous stamen whorl (sepals removed),
with gynoecium development more advanced, and petal lagging behind. Numbers indicate order of stamen initiation. c. Detail of lateral ﬂower initial showing sequential initi-
ation of bracteoles. d. Early bidirectional initiation of ﬁrst three sepals, beginning with the abaxial median organ. e. Bidirectional calyx development, with trichomes already
present on the outer surface of the oldest sepals. Numbers indicate order of sepal initiation. f. Budwith three ﬁrst-initiated sepals removed, showing lack of organ initiation with-
in the inner whorls at this stage of development. Voucher: Troupin 4645 (K).
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species whose ﬂoral morphology corresponds to the typical legume
groundplan of a pentamerous calyx and corolla, diplostemonous an-
droecium, and unicarpellate gynoecium. M. dumaziana, an anomalous
species in the clade due to its simple leaves and vestured pits, the latter
being a trait shared with Poeppigia, is unstable with respect to ﬂoral
organ number; both the calyx and corolla may be ﬁve- or six-parted,
while the androecium ranges from 10 to 13 stamens. An exploration
of morphological and developmental trends in these species will give
clues to the evolutionary processes at work in a diverse and poorly
understood, but representative, group of early diverging legumes.2. Materials and methods
For scanning electron microscopy (SEM), 20–30 ﬂowers per spe-
cies were dissected in 70% ethanol and critical-point-dried using an
Autosamdri-815B critical-point dryer (Tousimis Research, Rockville,
Maryland, USA). Dried material was then mounted onto specimen
stubs using clear nail polish, coated with platinum using an Emitech
K550 sputter coater (Emitech, Ashford, UK), and examined using a
Hitachi cold ﬁeld emission SEM S-4700-II (Hitachi High Technologies,
Tokyo, Japan). All SEM work was carried out at the Royal Botanic Gar-
dens, Kew. SEM images were edited using Adobe Photoshop CS5. Floral
Fig. 3. SEMmicrographs of Dialium pentandrum. a. Putative bidirectional development of antesepalous stamenwhorl and growth of young carpel. Single petal in adaxial median position
lags slightly behind development of inner whorls. b. Differentiation of anthers and upcurved style. Trichomes proliferate among the inner organs at this stage. Carpel starts to bend in the
adaxial direction. White dot indicates the adaxial side of the ﬂower. c. Flower with late-developing additional stamen (arrow) opposite single petal. Differentiation of stigma and dense
trichome cover on ovary. d. Detail of (c) showing sixth stamen. Dense, hooked trichomes are visible along the inner midrib of the single petal and on the surface of mature anthers.
e. Opened mature ovary, showing two ovules. f. Detail of papillate stigma. Voucher: Troupin 4645 (K).
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tions by Prenner et al. (2010). SEM images show abaxial side at bot-
tom unless otherwise noted. The following abbreviations have been
used: B = bract; Bl = bracteole; S = sepal; P = petal; A =
antesepalous stamen; a = antepetalous; C = carpel; St = style;
F = ﬂoral meristem, o = ovule; oi = outer integument; ii = inner
integument; nu = nucellus.
Specimens examined under the stereo microscope were removed
from herbarium vouchers and rehydrated in boiling water with a small
amount of surfactant, then dehydrated through an ethanol series to
80% ethanol, in which they were dissected and observed using abinocular dissecting microscope (Wild Heerbrugg, Switzerland). Ap-
proximately 25 ﬂowers per species were examined. These dissections
were then used to produce the illustrations used in Figs. 1, 4, 7, 10, 14,
and 17.
Specimens examined were as follows: D. pentandrum: G. Troupin
4712, Irangi, Zaire, 1957 (MO); T.B. Hart 1366, Haute Zaire, Lenda, Zaire,
1992 (MO);Troupin 4645, Kivu, Congo, 1954 (K). D. guianense:
Krukoff 6262, State of Amazonas, Humayta Municipality, Brazil,
1934 (MO); Rabelo et al. 3118, Amapá, Macapá, Brazil, 1984 (NY);
G.I. Manriquez 2649, Veracruz, Mexico, 1985 (MO); Coronado et al.
2026, Jinotega, Nicaragua, 2005 (MO);W. Palacios 1364, Napo, Ecuador,
Fig. 4. Drawings and ﬂoral diagram of Dialium guianense. a. Floral diagram and formula. b. Mature stamens showing reﬂexed ﬁlaments and longitudinal anther dehiscence. c. Flower bud
just prior to anthesis, sepals removed. d. Flower bud prior to anthesis. e. Detail of style and stigma. f. Compound leaf. g. Section of inﬂorescence showing cymose units. Vouchers: b, G.I.
Manriquez 2649 (MO); c–e, Rabelo 3118 (NY); f, Coronado et al. 2026 (MO); g, Krukoff 6262 (MO).
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(MO); Versteegh & der Outer 258, Bingerville, Ivory Coast, 1969 (MO);
Linder 68, Firestone Plantation #3, Liberia, 1926 (A); de Koning 6774, Ab-
idjan, Ivory Coast, 1976 (MO). D. orientale: J.B. Gillett 20357, Lamu Dis-
trict, Kenya, 1973 (MO); S.A. Robertson 3716, Kiliﬁ, Kenya, 1983 (MO);
ILC6-13, Lowveld Botanical Garden, Nelspruit, South Africa, 2013
(JRAU). P. procera: C.G. Hernández & E.A. Pérez-Garcia 2358, Oaxaca,
Mexico, 1998 (MO); Molina & Molina 12572, Santa Ana, Honduras,
1963 (US); G. Davidse et al. 18383, Zulia, Distrito Perija, Venezuela,
1980 (MO); G.P. Lewis & H.P.N. Pearson 1125, Piauí São Raimundo
Nonato, Brazil, 1982 (K).M. dumaziana: Capuron SF28343, EasternMad-
agascar, 1968 (MO);McWhirter 212, Ebakika, Madagascar, 1968 (K).3. Results
3.1. D. pentandrum
3.1.1. Mature morphology (Fig. 1)
This African tree species produces a thyrsoid inﬂorescence (sensu
Endress, 2010; Prenner et al., 2009; Fig. 1d). Flowers are pedicellate
and preceded by opposite, early-caducous bracteoles on the lower por-
tion of the pedicel. The calyx consists of ﬁve rounded sepals which
are imbricate in bud and become reﬂexed at anthesis (Fig. 1b, f). The
median sepal is abaxial and slightly broader than the others. Sepals
are tomentose on the margins and outer surface, and puberulent on
Fig. 5. SEMmicrographs of Dialium guianense. a. Sequential initiation of bracteoles in a lateral ﬂower (bract removed). b. Initiation of ﬁrst (damaged) and second sepals in abaxial median
and adaxial lateral positions, respectively. c. Bidirectional sepal development with ﬁrst sepal in±median abaxial position. Early trichome growth on sepal outer surface and bracteoles in
adaxial lateral, somewhat asymmetrical positions. d. Initiation of domelike carpel primordium followed by two stamenprimordia (arrows; sepals removed). e. Off-centre cleft formation in
the carpel and trichome development around its base (arrowheads; sepals removed). f. Anther and stigma differentiation. The carpel is now densely covered in trichomes and the style
bends in the adaxial direction. Voucher: Palacios 1364 (MO).
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sists of a single narrowly ovate petal in the adaxial median position
(Fig. 1a). The androecium consists of ﬁve (rarely six) antesepalous
stamens of equal size. Anthers are basiﬁxed, ovate, and display
latrorse dehiscence along longitudinal slits, opening fully at the dis-
tal end (Fig. 1f). The sessile single carpel is densely velutinous and
sits at the centre of an expanded, nearly ﬂat receptacle. Two ovules
are typically present. The slender style is glabrous and bends sharply
toward the adaxial side, ending in a small, capitate stigma (Fig. 1e).
The fruit is a one- to two-seeded indehiscent drupe. Leaves are
imparipinnately compoundwith sub-opposite to alternate leaﬂet inser-
tion (Fig. 1c).3.1.2. Floral ontogeny (Figs. 2, 3)
Paired bracteoles develop successively in the adaxial lateral positions
relative to the ﬂoral meristem (Fig. 2a, c). In opposite lateral ﬂowers,
bracteole development is mirror-image; one initiates the right-hand
bracteole ﬁrst, while the other begins with the left (Fig. 2a, b). Five
sepals follow, the ﬁrst in the median abaxial position, and develop
bidirectionally (Fig. 2d, e). The second sepal is formed either to the
left (Fig. 2d) or to the right (2e) of the median plane. This indicates a
directionality in sepal formation even though initiation is not helical,
but bidirectional. Trichomes form on the outer surface of the ﬁrst-
initiated sepals relatively early in development (Fig. 2e). Calyx differen-
tiation occurs well before the initiation of the inner whorls, closing over
Fig. 6. SEM micrographs of Dialium guianense. a. Mature ﬂower showing expanded, pubescent receptacle and sharp style curvature within the bud (sepals removed). b. Flat surface of
the expanded receptacle (mature ﬂower with calyx, androecium, and style removed). c. Detail of receptacle showing stomata (arrow) and hooked trichomes. d. Mature ovary opened
to reveal two ovules. Voucher: Palacios 1364 (MO).
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(Fig. 2f). While the order of initiation of the inner three whorls was
not directly observed, based on relative organ sizes, the domelike car-
pel primordium develops next, followed by a single whorl of ﬁve
antesepalous stamens, then a single petal in the adaxial median posi-
tion (Fig. 3a). There is no sign (i.e. primordia) of the remaining four
petals, which are apparently completely lost. Androecium initiation
seems to begin with the abaxial median and adaxial lateral organs,
followed by the abaxial laterals (Fig. 3a). As the anthers differentiate
and grooves form delimiting the four microsporangia, an upturned
style develops, which is terminated by a small stigmatic area
(Fig. 3b). Concurrently, the petal expands into a lamina, lagging well
behind the stamens in size. At this point, numerous trichomes have
formed on the receptacle and the surface of the ovary. As the bud
reaches maturity, a small, capitate stigma is apparent on the sharply
upturned style (Fig. 3c–f). The surface of the ovary is densely covered
in linear trichomes, while the anthers and inner petal surface bear
short, hooked trichomes (Fig. 3c, d). Rarely, a sixth stamen is present
in the adaxial median position (Fig. 3c, d). Although a distinct anther
is formed, the stamen remains much smaller than those of the
antesepalous whorl. The mature ovary contains two (rarely one) tightly
packed ovules (Fig. 3e).
3.2. D. guianense
3.2.1. Mature morphology (Fig. 4)
This South American species produces thyrsoid inﬂorescences
(Fig. 4g). Pedicellate ﬂowers are subtended by bracts and preceded by
opposite, early-caducous bracteoles situated on the lower half of thepedicel (Fig. 4c). The pentamerous calyx is imbricate in bud (Fig. 4d),
becoming reﬂexed at anthesis. Sepals are uniform at the base and
tomentose on all surfaces. The corolla is absent (Fig. 4a). The androe-
cium consists of two stamens in the adaxial lateral positions, situated
along the rim of a broad receptacular disc. Anthers are basiﬁxed,
widely ovate, and have sagittate bases (Fig. 4b). Dehiscence is
latrorse, along longitudinal slits, opening completely at the distal
tip. The sessile carpel contains two ovules. It is densely velutinous
and sits toward the abaxial side of the expanded receptacle (Fig. 4a,
c). The slender, distally glabrous style curves adaxially, ending in a
small, terete stigma (Fig. 4e). The fruit is a one- to two-seeded, indehis-
cent drupe. Leaves are imparipinnately compound with alternate leaﬂet
insertion (Fig. 4f).
3.2.2. Floral ontogeny (Figs. 5, 6)
As in D. pentandrum, paired bracteoles develop successively
within the enclosing bract, and occur in a slightly adaxial position
relative to the ﬂoral meristem (Fig. 5a, b). The pentamerous calyx
is initiated bidirectionally, beginning with the abaxial sepal, which
occurs at or near the median plane (Fig. 5b, c). Also similar to D.
pentandrum, trichomes are seen on the outer surface of the ﬁrst-
initiated sepals early in their development (Fig. 5c). A dome-like
carpel primordium is initiated next, followed by two synchronous
stamen primordia (Fig. 5d). We could not ﬁnd any sign of petal
primordia or further stamen primordia. Therefore these organs
must be regarded as completely lost. As the carpel enlarges, the
cleft becomes visible on the adaxial side, rotated somewhat off the
median, and trichomes start to grow from the narrow strip of recep-
tacle between the calyx and the abaxial side of the carpel (Fig. 5e).
Fig. 7. Drawings and ﬂoral diagram of Dialium dinklagei. a. Floral diagram and formula. b. Detail of style and stigma. c. Post-anthesis ﬂower; stamens have dehisced, leaving distinct scars.
d. Section of inﬂorescence showing cymose units. e. Flower bud prior to anthesis. f. Detail of stamen. g. Compound leaf. Vouchers: b–c,e–f, Linder 68 (A); d, Morello et al. 1219 (MO);
g, Versteegh & der Outer 258 (MO).
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thesis, it will have expanded greatly. Trichomes continue to grow
around and on the surface of the ovary until it is densely covered
(Fig. 5f). Anthers have now developed grooves separating four
microsporangia, and a terete stigmatic surface is apparent at the
tip of the short, glabrous style (Fig. 5f). At maturity, the style has
lengthened and curved adaxially between the oblong, sagittate an-
thers (Fig. 6a). The stamens now sit at the edge of an expanded re-
ceptacle. The receptacle is concave to quite ﬂat and is covered
with stomata and short, hooked trichomes similar to those on the
petal and anthers of D. pentandrum (Fig. 6b, c). The mature ovary
contains two (rarely one) tightly packed ovules (Fig. 6d).3.3. D. dinklagei
3.3.1. Mature morphology (Fig. 7)
This African tree produces thyrsoid inﬂorescences (Fig. 7d). Early
caducous bracteoles precede the ﬂower on the lower half of the pedicel
(Fig. 7e). The calyx consists of ﬁve sepals, imbricate in bud, which reﬂex
at anthesis (Fig. 7a, c). The abaxial lateral sepals are slightly narrower at
the base than the remaining equalmembers. All surfaces of the calyx are
puberulent to tomentose. The corolla is absent. The two stamens are
located in the adaxial lateral positions at the edge of a broad receptacle
(Fig. 7a). The basiﬁxed anthers are ovate with slightly sagittate bases
(Fig. 7f). Dehiscence is latrorse via longitudinal slits. The sessile ovary
Fig. 8. SEM micrographs of Dialium dinklagei. a. Initiation of ﬁrst sepal in abaxial median position. Trichome initials already apparent on outer surface of sepal. Bracteoles (removed) in
adaxial lateral positions. b. Subsequent calyx development showing clockwise modiﬁed-helical initiation. Numbers indicate order of sepal initiation. c. Later calyx development showing
elongation of trichomes on theﬁrst-initiated sepal. Here, sepal initiation is in an anticlockwise helix. Numbers indicate order of sepal initiation. d. Large, well-differentiated sepals removed
to show the long lag prior to initiation of the innerwhorls. e. A domelike carpel primordium is evident before stamens are initiated (calyx removed). f. Synchronous initiation of stamens in
the adaxial lateral positions (arrowheads). It also shows an uncharacteristic sixth sepal in an adaxial lateral position (asterisk). Voucher: de Koning 6774 (MO).
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ovules. A slender, glabrous style ends in a small, terete stigma (Fig. 7b).
The fruit is an indehiscent drupe. Leaves are imparipinnate with sub-
opposite leaﬂet insertion (Fig. 7g).
3.3.2. Floral ontogeny (Figs. 8, 9)
Bracteoles in this species are somewhat smaller than in the two
previous species, and are more skewed to the adaxial side of the
ﬂower (Fig. 8a). Unlike the other Dialium species examined, the
pentamerous calyx is initiated helically, rather than bidirectionally,
in either clockwise or anti-clockwise direction (Fig. 8b, c). A slightly
modiﬁed form of helical initiation is sometimes seen (Fig. 8b). Theﬁrst sepal is initiated abaxially, on or near the median plane, and
may develop trichome initials on its outer surface even before
other sepal primordia are apparent (Fig. 8a). The inner whorls do
not initiate until after longer plastochron, during which the calyx
has closed over (Fig. 8d). Inner whorl development begins with a
dome-like carpel primordium which sits toward the abaxial side of
the pentagonal meristem (Fig. 8d, e). Lagging slightly behind the car-
pel are two stamen primordia, which initiate in rapid succession in
the adaxial lateral positions (Fig. 8f). Aside from these two stamens,
no further promordia (either petals or stamens) could be observed,
and these organs are therefore considered as completely lost. The
carpel cleft forms on the adaxial side, aligned with a distinct gap
Fig. 9. SEMmicrographs ofDialiumdinklagei. a. Near-synchronous initiation of stamens in adaxial lateral positions. Carpel cleft is visible, as are trichomes at gynoeciumbase. b. Adaxial view
on late stage showing sub-sessile anthers and sharply incurved style. c. Lateral view of the tightly packed stamens and gynoecium. d. Mature gynoeciumwith stamens removed to show
the dense growth of trichomes covering the entire surface of the ovary. e. Mature ovary, opened to show two ovules. Voucher: de Koning 6774 (MO).
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species, trichomes can be seen forming around the abaxial and lateral
edges of the carpel at this point. While the organs are tightly packed
in bud, at anthesis, the stamens will be situated at the edge of a wide
receptacle (Fig. 9b–d). The glabrous style curves adaxially and is termi-
nated by a small, terete stigma (Fig. 9c, d). The mature ovary holds two
(rarely one) tightly packed ovules (Fig. 9e).
3.4. D. orientale
3.4.1. Mature morphology (Fig. 10)
As with the Dialium species described above, D. orientale is an
African tree which produces thyrsoid inﬂorescences (Fig. 10e).Bracteoles are early caducous, occurring on the lower to mid-portion
of the pedicel. The calyx consists of ﬁve (rarely six) equal sepals
which are imbricate in bud and reﬂexed at anthesis (Fig. 10a, c, g).
All surfaces of the sepals are puberulent to densely tomentose.
The corolla is absent. Two (rarely three) stamens with basiﬁxed an-
thers are located in the adaxial lateral and (if three) adaxial median
positions (Fig. 10a, g). The anthers are ovate with sagittate bases,
opening in a latrorse fashion via longitudinal slits (Fig. 10b). A
shortly stipitate ovary sits on a broad, nearly ﬂat receptacle and is
densely velutinous (Fig. 10g). It contains two ovules. A long, gla-
brous style ends in a small, terete stigma (Fig. 10d). The fruit is
an indehiscent drupe. Leaves are imparipinnate with sub-opposite
leaﬂet insertion (Fig. 10f).
Fig. 10.Drawings and ﬂoral diagram of Dialium orientale. a. Floral diagram and formula. b. Detail of stamens. c. Flower bud prior to anthesis. d. Detail of style and stigma. e. Section
of inﬂorescence showing cymose units. f. Compound leaf. g. Post-anthesis ﬂower. Vouchers: b, Robertson 3716 (MO); c–g, Gillett 20357 (MO).
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Paired bracteoles develop successively within an enclosing bract,
occurring in a slightly adaxial position relative to the ﬂoral meristem
(Fig. 11a). The pentamerous calyx is initiated bidirectionally, begin-
ning with the abaxial sepal, which occurs at or near themedian plane
(Fig. 11b). The next sepal to initiate is one of the adaxial laterals;
which one depends on the position of the bud relative to the central
ﬂower of the cyme. The second initiated sepal will be the one nearest
to the adaxial side of that central ﬂower (Fig. 11c). The third sepal
initiated is the other adaxial lateral organ, followed by the abaxial
laterals in close succession to one another (Fig. 11d, e). Following
the initiation of all sepals, distinct primordia can be seen for both
the carpel and the androecium (Fig. 11f). Two stamens initiate in
rapid succession, lagging slightly behind the carpel. At later stages,the developing stamens are pressed closely to the carpel and have
a slightly ﬂattened appearance, but usually sit at a distance from
one another, with a distinct gap between them and above the carpel
cleft (Fig. 12a, b). In some ﬂowers, the carpel cleft is off-median and
faces one of the stamens (Fig. 12c). The cleft remains open during the
mid-stage of development (Fig. 12d). Near maturity, the ovary con-
tains two tightly-packed ovules (Fig. 12e, f).
Occasionally, a sixth sepal initiates later than the others in the adax-
ial median position (Fig. 13a, b). While the organ begins development
completely overlapped by the two adaxial lateral sepals, by maturity,
it sits between them (Fig. 13c, d, e). Flowers with six sepals seem to
always develop an accompanying third stamen, which develops just
adjacent to the extra sepal in the adaxial median position (Fig. 13c, d).
In some cases, however, the additional stamen fails to develop fully and
Fig. 11. SEMmicrographs of Dialium orientale. a. Sequential initiation of bracteoles in a lateral ﬂower (bract removed). b. Numbered initiation of ﬁrst and second sepals in abaxial median
and adaxial lateral positions, respectively. c. Adaxial view of cymose unit with central ﬂower removed (asterisk). Initiation of ﬁrst two sepals in lateral ﬂowers (numbered) shows mirror
symmetry across the central axis. d. Bidirectional initiation of ﬁrst three sepals. e. Later bidirectional initiation of sepals showing all ﬁve organs. Dense trichome growth evident on abaxial
sepal. f. Domelike carpel primordium and near-synchronous initiation of two stamen primordia (arrowheads). First three sepals removed. Voucher: ILC6-13 (JRAU).
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Rarely, an extra, apparently functional, carpel is also formed alongside
the ﬁrst (Fig. 13f).
3.5. P. procera
3.5.1. Mature morphology (Fig. 14)
This monospeciﬁc South American tree genus produces terminal
and axillary thyrsoid inﬂorescences (Fig. 14b). Flowers are pedicellate
with oppositely arranged bracteoles persisting through late develop-
ment on the mid-portion of the pedicel (Fig. 14b). The pentamerous
calyx is distant in bud and connate above a shallow, open hypanthium(Fig. 14e). The sepals are equal in size and puberulent over all surfaces.
Five petals are undifferentiated and uniform in colour, with imbricate
ascending aestivation in bud (Fig. 14a, e, g). The androecium is arranged
in two whorls of ﬁve stamens each. Anthers are dorsiﬁxed, elliptic, and
dehisce via introrse longitudinal slits; ﬁlaments are many times longer
than anthers (Fig. 14a, c). The stipitate gynoecium attaches to the base
of the hypanthium. The abaxial suture is covered in long trichomes
(Fig. 14d). The small stigmatic area is sub-sessile, the style being only
a slight extension of the ovary. As many as eight ovules are present.
The fruit is membraneous and indehiscent, bearing one to two seeds
(Fig. 14f). Leaves are paripinnately compound with opposite insertion
of sessile leaﬂets (Fig. 14f).
Fig. 12. SEMmicrographs of Dialium orientale. a. Developing carpel and stamens showing carpel cleft aligned with median plane. Stamens are appressed to carpel prior to receptacle ex-
pansion. b. Adaxial view of (a) showing early infolding of carpel cleft (arrow). c. Flower in which carpel cleft has developed off-median, pointing directly at one of the stamens. d. Adaxial
view of later, infolded carpel cleft, ± aligned with median plane. One stamen lags slightly behind the other in size. e. Opened ovary showing two ovules (arrowheads). f. Detail of devel-
oping ovules. Ovule on right with outer and inner integuments, not yet enclosing the central nucellus. Voucher: ILC6-13 (JRAU).
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Two bracteoles develop successively, in a more lateral – as opposed
to adaxial – position than seen inDialium (Fig. 15a, b). The pentamerous
calyx develops unidirectionally, beginning with an off-median abaxial
sepal and proceeding adaxially (Fig. 15b). Five petals initiate simulta-
neously and at the same time as the carpel primordium, followed close-
ly by the antesepalous stamen whorl (Fig. 15c, d). Once initiated, the
adaxial lateral petals enlarge more quickly than the rest of the whorl
(Figs. 15d, e, 16a). The antepetalous stamenwhorl is the last to develop,
initiating in rapid succession, in an apparently variable order (Figs. 15e,
16a). In one case, as the upper antepetalous stamens begin to enlarge,
the abaxial lateral organs have not yet been initiated (Fig. 15f), while
in another, the opposite order seems to occur (Fig. 16a). At this point,the adaxial surface of the carpel begins to infold (Fig. 15e). The cleft
continues to deepen as the stamens enlarge, tilting inward toward the
carpel as they grow (Fig. 16b, c). In some ﬂowers, the carpel cleft does
not occur on the median, but tilts slightly toward one side or the other
(Fig. 16b). As anthers differentiate in the late stages of ontogeny, the
antesepalous stamen whorl remains tilted inward toward the carpel.
The antepetalous stamens are much smaller and have shorter ﬁlaments
even late in ontogeny, but equalize by anthesis (Fig. 16d). A small stig-
matic patch develops atop a short extension of the ovary, remaining
sub-sessile at maturity (Fig. 16d–f). The stipitate ovary contains up to
eight ovules attached by marginal placentation (Fig. 16e). Long tri-
chomes cover the upper portion of the stipe as well as the nonplacental
suture of the ovary.
Fig. 13. SEMmicrographs ofDialium orientale. a. Flowerwith late-developing sixth sepal in the adaxialmedian position (asterisk). Androeciumhas not yet begun to initiate. b. Adaxial view
of (a). Sixth sepal is in close contact with themargins of the adaxial lateral sepals as it enlarges. c. Late stage bud with an additional stamen in the adaxial median position, equal in size to
the lateral stamens. This ﬂower also has a sixth sepal in the adaxial position (arrow). d. Flower from (c)with stamens removed, showing that the base of the third stamen (arrow) develops
directly adjacent to the sixth sepal. e. Another ﬂower with six sepals. A staminode has developed adjacent to the adaxial sepal (arrow). f. A ﬂower which has developed an additional,
smaller carpel in a lateral position. Voucher: ILC6-13 (JRAU).
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3.6.1. Mature morphology (Fig. 17)
The monospeciﬁc Malagasy genus Mendoravia produces axillary
inﬂorescences with relatively few ﬂowers (Fig. 17d). A detailed classiﬁ-
cation of the inﬂorescence type is not possible based on the available
specimens (but see Capuron, 1968). Bracteoles in this species are small
and persistent, occurring on the lower portion of the pedicel. The calyx
consists of ﬁve or six narrowly imbricate, triangular sepals which do
not reﬂex at anthesis (Fig. 17a, b). Sepals are puberulent on themargins
and outer surface. The corolla is made up of ﬁve to six sub-equal, gla-
brous petals of unknown aestivation (Fig. 17a, b). Stamen numberranges from 10 to13 (rarely more or less), arranged in two whorls of
at least ﬁve organs each (Fig. 17a, b). Anthers are basiﬁxed andnarrowly
oblong, opening via slightly introrse terminal pores (Fig. 17e). The sub-
sessile ovary is sparsely puberulent, with a short style ending in a large,
peltate stigma (Fig. 17c). It bears 2–3 ovules. The fruit is coriaceous and
dehiscent along both sutures. Leaves are simple (Fig. 17f).
3.6.2. Floral ontogeny (Figs. 18, 19)
The narrowly imbricate calyx develops and closes over very early
in this species, and as such, we were unable to ﬁnd buds young enough
to allow the study of calyx initiation. The lag in the initiation of the inner
whorls is long; removal of the closed calyx exposes an irregularly ﬁve-
Fig. 14.Drawings and ﬂoral diagram of Poeppigia procera. a. Flower at anthesis. b. Section of inﬂorescence showing cymose units. c. Detail of stamens showing dorsiﬁxed anthers
and longitudinal dehiscence. d. Detail of sub-sessile stigma. e. Detail of ﬂower just prior to anthesis. f. Compound leaves with axillary and terminal infructescences. g. Floral
diagram and formula. Vouchers: a, c–e, Molina & Molina 12572 (US); b, G. Davidse et al. 18383 (MO); f, Hernández 2358 (MO).
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(Fig. 18a). Number and arrangement of organs are very unstable in
Mendoravia. Fig. 18b shows the rapid sequence initiation of the corolla,
beginning with a petal in the abaxial, rather than adaxial, median posi-
tion. In some ﬂowers, petal and stamen initiation follows no obvious
pattern in terms of either sequence or location; neither is it uncommon
for a pair of stamens to form where only a single organ is expected
(Fig. 18d, e). In more regularly arranged ﬂowers, the antesepalous sta-
men whorl initiates simultaneously, with the abaxial organ located in
the median position (Fig. 18e, f). The antepetalous stamen whorl fol-
lows in quick succession, also initiating simultaneously, with the adaxial
stamen in the median position. It was found that even in regularly
arranged ﬂowers, doubled stamens were common (Fig. 18d, e). Thecarpel develops slightly ahead of the androecium, with a cleft forming
on or near the adaxial median after all stamens have differentiated
(Fig. 18e, f). As the corolla closes over the inner two whorls, trichomes
grow both from the tips of the outer surfaces of the petals and from
the spaces between organs on the receptacle (Figs. 18e, f, 19a). A sixth
petal may form in either the abaxial median (Fig. 19a) or one of the
lateral positions (Fig. 19b), and may develop adjacent to an additional
stamen (Fig. 19b). Mature anthers are narrowly oblong, with sagittate
bases and poricidal dehiscence (Fig. 19c, d). The stigma is large
and peltate (Fig. 19e). The mature ovary contains two ovules at-
tached by marginal placentation (Fig. 19f). While only a single ma-
ture ovary was available here for examination, Irwin and Barneby
(1981) state that 2–3 ovules are characteristic.
Fig. 15. SEM micrographs of Poeppigia procera. a. Early lateral ﬂower primordium in the axil of a bract (removed) with successive developing bracteoles. b. Unidirectional sepal
development beginning abaxially. The ﬁrst sepal is slightly displaced from the median. Numbers indicate order of sepal initiation. c. Synchronous petal development (calyx
removed). A dome-shaped carpel primordium is evident. Antesepalous stamen primordia are just becoming visible. d. Near-synchronous development of the corolla and
antesepalous stamens. Adaxial lateral petals are slightly larger than the rest of their whorl, as are abaxial lateral stamens. Stamens lag behind petals and carpel. e. Antepetalous
stamen development, showing a tendency to delay abaxial development in this whorl. Adaxial antepetalous stamen is slightly off the median plane. f. Detail of (e), showing
delayed initiation of abaxial lateral stamens in the antepetalous whorl (asterisks). Voucher: Lewis & Pearson 1125 (K).
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4.1. Floral ontogeny of genus Dialium
The most striking feature of Dialium ﬂowers is their extreme organ
loss, which in most cases results in ﬂowers with only two to three sta-
mens and a single petal or a corolla which is completely absent (Irwin
and Barneby, 1981). Tucker (1998) described them as being so reduced
that they are “barely recognisable as members of Leguminosae.” Of the
four Dialium species studied here, three species produce a bi-staminateandroecium and no corolla, while the fourth retains all ﬁve antesepalous
stamens and one petal.
Another unusual feature of the genus, and of Dialiinae as a whole, is
its thyrsoid inﬂorescences; the central ﬂower produces buds in the axils
of both bracteoles, which themselves become centralﬂowers in thenext
iteration of the pattern (see Prenner et al., 2009; Endress, 2010). In
Dialium, this was found to be associated with a mirror symmetry in
the development of the bracteoles and calyx across the plane of the
central inﬂorescence axis. It has been noted that in Polygala myrtifolia,
the direction of helical sepal initiation is predetermined by the order
Fig. 16. SEMmicrographs of Poeppigia procera. a. Development of inner whorls, showing adaxial lateral petals which are larger than the rest of the corolla (calyx removed). Carpel cleft is
barely visible on adaxial side. b. Synchronous development of antepetalous stamenwhorl, lagging slightly behind outer stamens. Adaxial stamen of inner whorl slightly off median plane.
Carpel cleft open and evident, also pointing slightly to the right of themedian plane. c. Anther differentiation in the outer stamenwhorl and a closing of the carpel cleft. Inner stamenwhorl
(not visible) remains relatively small. d. Later anther differentiation and development of the sub-sessile stigma as the carpel lengthens. e. Mature ovary opened to show eight ovules with
marginal placentation. The small size of the stigmatic area is apparent, as is a distinct stipe (arrow) at the base of the ovary. f. Detail of stigmatic surface. Voucher: Lewis& Pearson 1125 (K).
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also seems to be the case in Dialium, although bracteole order may itself
be predetermined by the relative position of the ﬂower on the inﬂores-
cence. In asymmetricalﬂowers of Labichea, a genuswhich, exceptionally
for the Dialiinae, produces racemes, the phenomenon of ‘pendulum
symmetry,’ an alternation of right- and left-handed enantiomorphs, is
observed along the length of the inﬂorescence (Goebel, 1928; Tucker,
1998). A similar phenomenon of symmetry at the level of the inﬂores-
cence was recently described for the papilionoid Swainsona formosa
(Prenner, in press), and an analogous condition may be occurring
in Dialium.Mode and timing of organ initiation were mostly consistent across
the Dialium species studied. With the exception of D. dinklagei, which
undergoes helical or modiﬁed-helical calyx initiation, all ﬂowers initiat-
ed sepals bidirectionally, beginningwith themedian sepal. Bidirectional
organogeny of this type was described by Tucker (1998) in the calyces
of D. guineense and P. labicheoides (Dialiinae). It is seen only rarely else-
where in Caesalpinioideae, such as inHaematoxylum (Tucker and Kantz,
1997),while Prenner (2004d) found a similarmode in a fewpapilionoid
species. Bidirectional calyx development inMartiodendron excelsum (EZ
personal observation), another member of the Dialiinae, suggests that
it is not conﬁned to these two genera, but that it may be the dominant
Fig. 17. Drawings and ﬂoral diagram ofMendoravia dumaziana. a. Floral diagram and formula. b. Flower at anthesis. c. Detail of stigma and short style. d. Whole inﬂorescence. e. Detail of
stamens showing poricidal dehiscence. f. Simple leaf. Voucher: Capuron SF28343 (MO).
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ally in the androecium of D. pentandrum. If we assume that the paired
stamens of the other Dialium species represent remnants of a once pen-
tamerouswhorl, their rapid, successive initiationmay be the remaining,
abbreviated form of earlier bidirectionality.
As noted by previous authors (Chakravarty, 1969; Tucker, 1998) and
by ourselves with respect to Apuleia (Zimmerman et al., 2013), it is not
uncommon in Dialiinae for ﬂowers to develop extra organs in any of
theirwhorls. Here,we have foundextra sepals and carpels inD. orientale,
as well as extra stamens inD. orientale andD. pentandrum. InD. orientale,
the appearance of an additional stamen in the adaxialmedian position is
always found to correspond to an additional sepal in the same position.
Unlike the adaxial median stamen which occurs in D. pentandrum andappears, due to position and relative size, to be part of the lost inner sta-
men whorl, the extra stamen in D. orientale is the same size as the other
stamens and is located immediately opposite the sixth sepal, suggesting
that the two cases are not analogous. In D. orientale, the extra stamen
may develop due to the additional space opened up on the ﬂoral meri-
stem as the sixth sepal expands. A third stamen in the adaxial median
position is also present in the six-sepaled species, Dialium hexasepalum
(E. Zimmerman, pers. obs.).
In the instances of both gains and losses of ﬂoral organs in Dialium,
one trend is apparent — an absence of abaxial organs. Gains in both
sepals and stamens occur in the adaxialmedian position,while stamens
and petals which are lost are always the ventral-most organs. This may
suggest a gradient in the expression of certain ﬂoral development genes
Fig. 18. SEMmicrographs ofMendoravia dumaziana. a. Five-sided, undifferentiated ﬂoral apexwith the already closed calyx removed, demonstrating very early sepal development relative
to the inner whorls. b. Unidirectional corolla initiation (numbered), showing a ﬁve-sided meristemwith, the ﬁrst petal in the abaxial median position (“upside-down”, c.f. orientation in
(a)). c. Developing stamenprimordia, showing the somewhat disordered arrangement of organs (calyx and corolla removed). Dome-like carpel primordiumvisible at centre. d. Disordered
arrangement of the developing androecium,with an apparent duplication of one of the inner, adaxial stamens (arrows; calyx and corolla removed). e. Androecium development, showing
an apparent duplication of the adaxial lateral stamen of the antepetalous whorl (arrows) for a total of 11 stamens (calyx and corolla removed). Early cleft formation visible on the adaxial
surface of the gynoecium. f. Synchronous development of outer stamen whorl, followed by inner stamen whorl, with trichome growth among primordia (calyx and corolla removed).
Carpel cleft is visible and slightly off median, pointing to the right. Voucher: McWhirter 212 (K).
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not to be affected by this phenomenon. With the exception of several
Malagasy species which exhibit trimery of both the calyx and corolla,
and the monospeciﬁc segregate genus Dansera, sepals are never lost in
Dialium (E. Zimmerman, pers. obs.). Organ loss or suppression localised
to the abaxial side of theﬂower is rare in legumes, but has been noted in
both the androecium of Duparquetia (Prenner and Klitgaard, 2008) and
in the corolla of certain members of the resin-producing Detarieae
(Fougere-Danezan et al., 2010). In the Detarieae, this results in the ab-
sence or reduction of either the abaxial lateral or all four lateral petals.The authors suggest that abaxial petals are more labile, and are sup-
pressed as part of repeated shifts toward zygomorphy within the
tribe. Abaxial suppression may be related to the action of a gene with
differential expression across a dorsal–ventral axis, such as that of the
CYCLOIDEA-like genes, which have a dorsalizing effect in Lotus japonicus
petals (Feng et al., 2006) and have also been found to control ﬂoral organ
number in Antirrhinum majus (Cubas, 2004). The related CYCLOIDEA-
like gene, LegCYC, has been found to be present in a single copy in
D. guianense, but expression studies have not yet been carried out
in caesalpinioid legumes (Citerne et al., 2003).
Fig. 19. SEMmicrographsofMendoravia dumaziana. a. Six-part corolla closingover innerwhorls as trichomes grow from their outer surfaces near the apices, aswell as fromwithin the interior
(calyx removed). b. Androecium development, showing an additional antepetalous stamen in the adaxial lateral position, as well as an additional petal located adjacent to it. Carpel cleft is
shifted off themedian plane, toward these additional organs. c.Mature stamen, showing sagittate anther base and slightly introrse poricidal dehiscence. d. Detail of anther opening and emerg-
ing pollen grains. e. Surface detail of peltate stigma. f. Opened mature ovary showing two ovules with marginal placentation. Voucher: McWhirter 212 (K).
207E. Zimmerman et al. / South African Journal of Botany 89 (2013) 188–2094.2. Floral ontogeny of genera Mendoravia & Poeppigia
As noted above, instability of organ numbers is a recurring theme in
the Dialiinae, and the monospeciﬁc Malagasy genus Mendoravia is a
striking example of this. Rather than developing the occasional extra
organ, as seen in Dialium, Mendoravia regularly has variable numbers
of sepals (5–6), petals (5–6), and stamens (10–12) (Capuron, 1968).
In specimens we studied, sepal and petal numbers appeared to be
equal within each ﬂower. As with D. orientale, it is possible that the
addition of an extra sepal created a space on the meristem in which
an extra organ, in this instance a petal, could form. However, the vast
majority of our samples possessed only ﬁve of each organ,making it dif-
ﬁcult to say that this is always the case. A number of buds with apentamerous calyx and corolla developed 11 stamens, while others
had only the standard ten, suggesting variation in the androecium is
not linked to the two outer whorls. While no conclusions can be made
based on SEM images, additional stamens appear to be duplicates, initi-
ating immediately adjacent to one another and developing at the same
rate.
Organ initiation in Poeppigia and Mendoravia is unlike that seen in
Dialium. Poeppigia, the monospeciﬁc New World genus hypothesized
to be sister to the rest of the Dialiinae clade, shows a ventral to dorsal
unidirectional sepal initiation which has not been seen elsewhere in
the clade, but is the standard form in papilionoids (Tucker, 2003).
Mode of initiation in the calyx could not be determined inMendoravia
due to its very early development relative to the rest of the ﬂower;
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long pause between the development of the calyx and that of the
inner whorls is also seen in Martiodendron. Both Poeppigia and
Mendoravia display near-synchronous initiation of the corolla and
staminal whorls. Among Dialiinae, synchronous petal formation
was also reported for P. labicheoides (Tucker, 1998). Outside the
clade, synchronous organ formation is frequently seen in mimosoids
(Ramirez-Domenech and Tucker, 1990) and was also found in the
sepals (Prenner, 2004d) and in the petal whorl of some papilionoids
such as Daviesia cordata (Prenner, 2004a) and Lespedeza thunbergii
(Prenner, 2004c; for more examples, see also Table 1 in Prenner,
2013). This shows that synchronous organ formation is a repeatedly oc-
curring theme among legumes which is foundmore frequently in some
groups than in others. The addition of more data will help to better un-
derstand this character and to evaluate potential systematic
implications.
Several Poeppigia ﬂowers in this study displayed what has been re-
ferred to as an “asymmetric androecium” (Prenner, 2004e), in which
the adaxial antepetalous stamen does not lie on the median plane.
Prenner describes this phenomenon in a number of papilionoid le-
gumes, noting that it is often accompanied by an off-median carpel
cleft, which seems to be the case in Poeppigia as well. Mendoravia
ﬂowers frequently form an off-median carpel cleft, although in these
instances the androecium deviates more extensively from the common
groundplan of ten stamens in two whorls of ﬁve, both in terms of sta-
men number and position. In both of these species, however, asymme-
try during early development does not occur in all ﬂowers; it is not
canalised, as it would seem to be in the cases discussed by Prenner, per-
haps indicating a greater developmental plasticity in the studied taxa.
4.3. Ontogenetic trends in the Dialiinae
The taxa examined here exemplify the apparent lack of develop-
mental canalisation seen in caesalpinioid legumes. Compared to a
group such as the papilionoids, which display similar timing and
mode of development across much of the subfamily, considerable
variation can be seen in as restricted a subset as the Dialiinae clade
(Tucker, 1998, 2003). This ontogenetic plasticity is reﬂective of themor-
phological diversity shown by ﬂowers across the Caesalpinioideae,
representing what has been described as an “experimental” phase in
legume ﬂoral evolution (Prenner and Klitgaard, 2008).
Taken together with the Dialiinae taxa studied by Tucker (1998), we
observed differing combinations of bidirectional, helical, unidirectional,
and synchronous initiation; differing plastochrons betweenwhorls; and
both losses and gains of organs relative to the legume ﬂoral ground-
plan. In the case of Dialium, we see variation in organogeny even at
an intrageneric level.
Recent molecular and morphological phylogenetic analyses have
suggested that the basalmost groups in the Dialiinae are the genus
Poeppigia and the Malagasy clade containing Baudouinia, Eligmocarpus,
and in some cases, Mendoravia (Herendeen et al., 2003; Bruneau et al.,
2008). Interestingly, these are also the genera least affected by organ
loss. With the exception of up to four lost stamens in certain species
of Baudouinia, all of these taxa possess at least the typical legume com-
plement of 21 organs (Irwin and Barneby, 1981; Polhill and Vidal, 1981;
Herendeen, 2000). Located as they are at the opposite end of the phy-
logeny from the highly reduced Dialium, a trend of increasing organ
loss is suggested. Thompson (1925) described a phenomenon of in-
creasing sterility in the Cassieae, based in part on the stamen loss com-
mon in the Dialiinae. Pollinators have not been well-documented in the
clade, although certainmorphological features in the group, such as pu-
tative nectaries on the expanded receptacle in Dialium and poricidal an-
thers in Mendoravia, suggest possible specialisations geared toward a
particular type of pollination. We are in the process of generating a
more highly resolved and well-supported phylogeny of the clade to ex-
plore these hypotheses of ﬂoral evolution.Finally, the ﬂoral organ reductions found in the Dialiinae observed
here are dissimilar to those seen in most other legume taxa because re-
ductions are due to a complete loss of the organs in question, rather than
a post-initiation suppression, which is common in legumes (Tucker,
1988). Tucker (1988) notes that cases of outright loss are most prev-
alent in caesalpinioids, and in particular in various Cassieae groups
and in tribe Detarieae. Among papilionoid legumes, organ loss can
also be found in Dalea candida (Amorpheae), in which the inner
stamen whorl is lost (McMahon and Hufford, 2002) and in Abrus
precatorius, in which the adaxial stamen of the inner whorl is lost
(Prenner, 2013). These anomalous cases show that while ontogenetic
themes such as organ loss seem to occur more frequently in
caesalpinioids, they also occur sporadically in the other two subfamilies.
This demonstrates that on one hand, borders between legume subfam-
ilies are relatively well established and deﬁned, but on the other hand,
recurring themes still point toward them all belonging to a single
family.
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